THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 


DISTRIBUTION  UNLIMITED, 


Armed  Services  Technical  Information  Agency 

Because  of  our  limited  supply,  you  are  requested  to  retr.rn  this  copy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  "MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced  by 

DOCUMENT  SERVICE  CENTER 


DEPARTMENT  OF 

0 C E AN  0 G R AP  H Y 

, UNIVERSITY^!®*; 
Si  , mSHINGTON^^ 


Technical  Report  No.  31  \* 

DETERMINATION  AND  DISTRIBUTION  OF  LIGNIN 


MARINE  SEDIMENTS 


Office  of  Naval  Research 
Contract  N8onr-520/lll 
Project  Ni4  083  012 


Reference  54-1 7 
May  1954 


■■;////" 


UNIVERSITY  OF  WASHINGTON  DEPARTMENT  OF  OCEANOGRAPHY 
(Formerly  Oceanographic  Laboratories) 
Seattle,  Washington 


DETERMINATION  AND  DISTRIBUTION  OF  LIGNIN 
IN  MARINE  SEDIMENTS 


1 

Hr 


Richard  G.  Bader 


Technical  Report  No.  31 

Office  of  Naval  Research 
Contract  NSonr-520/IIT 
Project  NR  0S3  012 


Reference  54-17 
May  1954 


CJL  * 

j ' /r~I  ^Richard.  H 
V " Executive 


/b'J'YrUZ? 


Fleming 

Officer 


TABLE  OF  CONTENTS 


Page 

ABSTRACT Hi 

INTRODUCTION 1 

METHOD  OP  ANALYSIS 2 

RESULTS  OF  ANALYSIS 3 

DISCUSSION 7 

CONCLUSION 9 

REFERENCES 11 

LIST  OF  TABLES 

Table 

1.  SURFACE  SAMPLE  DATA 4 

2.  SUBSURFACE  SAMPLE  DATA 4 

LIST  OF  FIGURES 

Figure 

1.  Vertical  distribution  of  total  organic  carbon,  "lignin" 

carbon  and  non-lignin  carbon  in  two  cores  of  Puget  Sound 
sediments .6 


-ii- 


I 


ABSTRACT 

An  investigation  of  the  lignin  content  of  marine  sediments  has 
been  completed  on  31  surface  camples  and  26  samples  obtained  from  2 
cores.  It  has  been  found  that  this  lignin  is  an  extremely  variable 
fraction  of  the  sedimentary  organics.  In  view  of  its  great  stability 
and  its  negligible  value  as  a food  source,  it  is  important  to  consider 
this  fraction  when  evaluating  the  nutritional  value  of  marine  sedimentary 
organics  for  bottom  dwelling  fauna. 

Soil  scientists  and  lignin  chemists  have  shown  that  the  decom- 
position rate  of  lignin  is  very  slow  and  that  it  accumulates  in  the  soil. 
On  the  basis  of  the  two  cores  examined,  the  percent  loss  of  non-ligninous 
carbon  is  about  6 times  the  loss  of  "lignin"  carbon.  Apparently  lignin 
is  extremely  stable  in  the  marine  environment. 

The  lignin  content  of  the  sediments  is  important  from  a geologi- 
cal standpoint.  Knowledge  of  its  concentration  in  sediment  cores  permits 
detail  and  accuracy  in  paleoecological  interpretation  which  is  not 
possible  by  use  of  to+al  organic  carbon  alone.  It  is  potentially  useful 
as  a tool  in  studies  of  rates  of  sedimentation,  however  we  must  be  able 
tc  determine  whether  it  is  dependent  or  independent  of  the  deposition  of 
inorganic  particles. 
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INTRODUCTION 


The  presence  of  lignin  in  marine  sediments  was  first  reported  ty 
Trask  (1932)  and  Waksman  (1933)*  The  writer  (Bader,  1954)  studied  some 
surface  concentrations  of  lignin  in  sediments  from  the  Gulf  of  Maine. 

In  general  very  little  effort  has  been  expended  in  studying  the  distri- 
bution of  this  organic  complex  in  the  marine  environment,  although  its 
characteristics  make  it  an  interesting  subject  for  investigation. 

Lignin  is  a very  resistant  organic  complex,  only  formed  by  the 
living  plant  (Bergonstein,  in  Brauns,  1952)  and  never  by  enzymatic  or 
bacterial  decay  of  other  plant  products.  Waksman  and  lenny  (1926,  1927, 
and  1929)  and  Brauns  (1952)  as  well  as  other  investigators  all  agree 
that  the  enaerobic  or  aerobic  bacterial  decomposition  of  lignin  is 
extremely  slow.  V.'aksinan  and  Stevens  (1929  and  1929a)  found  that  in  soils, 
under  anaerobic  conditions,  lignin  is  decomposed  in  traces  or  not  at  all. 
Under  an  aerobic  environment  its  breakdown  is  very  slow,  making  it  the 
most  resistant  of  all  common  plant  materials.  Acharya  (1935  and  1935a) 
showed  that  the  decomposition  rate  of  lignin  is  slow  and  relatively 
constant  for  both  aerobic  and  anaerobic  conditions.  It  is  also  possible 
that  in  the  microbiological  decomposition  of  plant  materials,  lignin  may 
act  as  an  inhibitory  factor  (Rege,  1927j  l.aksman  and  lyre,  1932 j Fuller  and 
Norman,  1943).  This  is  accomplished  by  the  formation  of  a stable  iigno- 
protein  complex. 

This  investigation  was  undertaken  in  view  of  the  apparent  pres- 
ence of  lignin  in  marine  sediments  and  its  extreme  stability.  In  general 
three  aspects  were  examined;  (l)  its  distribution  and  variation  in  some 
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marine  sediments,  (2)  its  stability  in  subsurface  samples,  and  (3)  its 
relationship  with  the  remaining  organics. 

METHOD  OF  ANALYSIS 

Due  to  the  complexity  of  the  lignin  molecule  and  its  resistance 
to  solution,  the  lignin  analysis  is  necessarily  accomplished  in  an  in- 
direct manner.  The  lack  of  a truly  quantitative  method  of  determination, 
when  it  is  mixed  with  other  organics,  requires  the  removal  of  the  non- 
ligninous  material  from  the  sediments.  The  presence  of  other  organics 
interferes  with  the  lignin  determination  (l.aksman,  1933;  Norman,  1937; 
and  Brauns,  1952). 

In  order  co  remove  the  non-ligninous  organics,  an  extraction 
and  hydrolysis  series  was  used.  Previously  dried,  crushed  and  powdered 
sediment  samples  were  treated  with  hot  acetone  in  a Soxhlet  extraction 
apparatus  for  48  hours.  The  sediment  was  then  vacuum  filtered,  washed 
with  hot  acetone  and  transferred  to  boiling  alcohol.  Refluxing  with  3 
changes  of  solvent  was  continued  for  24  hours.  This  was  followed  by 
vacuum  filtering  and  a thorough  washing  with  hot  alcohol.  The  first 
hydrolysis  was  accomplished  by  the  use  of  boiling  U%  HC1.  After  24 
hours,  the  sample  was  vacum  filtered  and  washed  thoroughly  with  dis- 
tilled water.  The  final  treatment  involved  the  use  of  12%  H2SO4.  The 
sediment  sample  was  placed  in  the  H2SO4  and  kept  at  8°  C for  3 hours. 

This  solution  was  then  diluted  to  L \%  K2SC4  and  boiled  for  4 hours.  After 
vacuum  filtering  and  washing  in  distilled  water  the  samples  were  dried, 
powdered  and  thus  made  reedy  for  the  determination  of  "lignin"  carbon. 

The  residual  material  after  the  H2S0^  treatment  is  lignin  and  its  trans- 
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formation  products  as  well  as  nitrogenous  compounds  such  as  synthesized 
microbial  ligno-protein  complexes. 

The  total  organic  carbon  and  the  "lignin”  carbon  were  determined 
by  a semi-micro  dry  combustion  method.  The  samples,  dried  to  constant 
weight,  were  combusted  in  a measured  volume  of  oxygen  under  controlled 
pressure.  The  evolved  COp  was  absorbed,  determined  gravimetrically  and 
the  percent  carbon  computed.  In  determining  the  total  organic  carbon 
the  sample  was  first  treated  with  hot,  4$  HC1  in  order  to  remove  carbon 
from  carbonates.  The  use  of  such  dilute  HC1  does  not  cause  any  loss  of 
carbon  by  CO2  evolution  from  the  organic  matter.  Carbon  determinations 
by  this  method  are  reproducible  to  + 0.03$. 

RLSULTS  OF  ANALYSIS 

The  distribution  of  total  organic  carbon,  "lignin"  carbon,  and 
the  non-ligninous  carbon  was  calculated  for  31  surface  samples  of  sub- 
aqueous marine  sediments  off  the  coast  of  Maine.  The  results  are  shown 
in  Table  1.  The  total  carbon  content  of  these  samples  ranges  from  4.74$ 
to  0.30$  with  a mean  of  1.42$.  The  "lignin"  carbon  ranges  from  2.76$  to 
0.05$,  having  a mean  of  0.737".  The  standard  deviation  of  this  fraction 
is  0.25  with  a coefficient  of  variation  for  one  standard  deviation  of 
34.2$.  The  non-ligninous  carbon  content  of  the  31  samples  varies  from 
2.26$  to  0,17$  with  a mean  of  0.69$.  The  standard  deviation  is  0.15 
and  the  coefficient  of  variation,  22,7$.  The  percent  of  "lignin"  carbon 
in  the  total  organic  carbon  content  shows  a similarly  wide  range,  from 
71.6$  to  14.7$  with  a mean  of  43.0$.  The  standard  deviation  is  16,6  and 
the  coefficient  of  variation  is  39.0$. 
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TABLE  1 


SURFACE  SAMPLE  DATA1 


•‘•Calculated  from  data  given  by  Bader  (1954).  » 

♦Total  carbon  - "lignin"  carbon  z non-ligninous  or  AA  carbon 


TABLE  2 

SUBSURFACE  SAMPLE  DATA 


The  subsurface  data  obtained  from  2 cores  of  Puget  Sound  sedi- 
ments is  presented  in  Table  2.  Core  No.  169  is  primarily  composed  of 
inorganic  particles  of  a relatively  uniform  size  in  the  silt  range.  A 
noticeable  particle  size  change  occurs  between  15  and  65  cm.  This  par- 
ticle size  change  i3  gradational  and  is  represented  by  fine  sands  at  43 
cm.,  the  total  organic  carbon  correspondingly  decreases  in  this  sand 
layer  vdth  a minimum  at  43  cm.  The  remaining  variations  in  the  organic 
content  are  not  associated  with  particle  size  changes.  The  maximum  con- 
centration of  total  carbon  and  non-ligninous  carbon  occur  on  the  surface, 
l.ith  some  minor  variations  the  percent  "lignin"  carbon  of  total  carbon 
Increases  with  depth. 

Core  No.  221 -C  consists  entirely  of  relatively  uniform  silt  sized 
particles.  The  fluctuations  in  organic  content  are  not  associated  with 
any  particle  size  variations.  The  maximum  concnntration  of  total  organ- 
ic carbon  is  at  74  cm.  For  the  immediate  surface  region,  the  percent 
"lignin"  carbon  of  the  total  carbon  increases  vdth  depth;  however  below 
16  cm.  this  characteristic  is  not  evident. 

Figure  1 gives  a visual  presentation  of  the  variations  in  total 
carbon,  "lignin"  carbon  and  non-ligninous  carbon  with  depth  for  both 
cores,  '..hen  comparing  the  concentrations  of  "lignin"  and  non-ligninous 
carbon  in  the  immediate  surface  sediments  (0  to  6-7  cm.)  it  is  obvious 
that  in  both  cores  the  "lignin"  carbon  decreases  less  rapidly  vdth  depth 
than  the  non-ligninous  carbon.  Core  No.  169  has  a lignin  carbon  loss  of 
3.0#  and  a non-lignin  carbon  loss  of  16.6#  in  the  top  6 cm.  Core  221 -C 
has  a 6.8  lignin  carbon  loss  and  non-ligrdn  carbon  loss  of  52.5#  in  the 
top  7 cm.  It  is  not  unreasonable  to  assume  that  environmental  conditions 
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have  remained  relatively  constant  during  the  period  of  deposition  of 
these  6 to  7 cm.  of  sediments  and  that  the  organic  decrease  is  thus  due 
to  decomposition.  If  such  is  the  case,  the  percent  loss  of  non-ligninous 
carbon  is  5.5  and  7.7  times  the  percent  loss  of  "lignin"  carbon  in  the 
immediate  surface  zone  of  the  two  cores  involved. 

DISCUSSION 

The  interest  in  the  problem  of  the  lignin  content  of  marine 
sediments  is  twofold.  It  has  a biologic  and  geologic  significance,  both 
of  which  are  dependent  upon  its  apparent  resistance  to  decomposition. 

The  biological  importance  of  this  substance  is  rather  obvious. 

It  is  not  a useful  source  of  nutrition  for  marine  organisms.  If  the 
organic  debris  in  th-  marine  sediments  is  a potential  source  of  food 
for  bottom-living  invertebrates,  and  this  is  apparently  the  case  for 
many  forms,  then  we  must  consider  the  concentration  of  various  organic 
fractions  and  their  availability  for  nutritional  utilization.  If  one 
sediment  consists  of  organic  material,  55^  of  which  is  lignin,  and 
another  sediment  only  2%  organics,  10%  of  which  is  lignin,  the  nutri- 
tional value  for  both  sediments  is  equal.  If  other  conditions  are  simi- 
lar they  should  be  able  to  support  comparable  populations.  From  the 
surface  samples  examined  it  can  be  seen  that  the  concentration  of  lignin 
carbon  to  total  carbon  is  extremely  variable;  the  coefficient  of  varia- 
tion is  39%  for  one  standard  deviation.  In  view  of  this,  if  we  consider 
the  total  organics  as  being  indicative  of  potential  nutrient  source  our 
postulations  may  well  be  in  error.  Secondly,  if  we  have  some  idea  as 
to  the  supply  of  the  organic  material  to  the  sediments  we  then  have  a 
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substance,  lignin,  which  may  be  used  as  a basis  for  comparing  the  degree 
or  amount  of  organic  decomposition  which  has  or  is  occurring  in  any 
group  of  samples.  This  is  surely  of  importance  since  microbiological 
activity  on  organic  material  is  to  be  considered  an  ecologic  factor. 

The  basis  for  this  statement  rests  on  the  extremely  stable  character  of 
lignin  as  shewn  by  soil  scientists  and  lignin  chemists.  The  indication 
that  in  the  immediate  surface  zone  (0  to  7 cm.)  the  percent  loss  of  non- 
ligninous  carbon  is  5 to  7 times  greater  than  the  percent  loss  of  lignin 
carbon  strongly  supports  the  opinion  that  lignin  is  stable  in  the  marine 
environment. 

Geologically  this  substance  may  be  utilized  as  a tool  for  assist- 
ing in  the  reconstruction  of  past  environments  of  modern  marine  sediments. 
This  may  deal  with  both  the  biological  environment  or  the  depcsitional 
environment.  If  upon  the  examination  of  a sediment  core  it  is  found 
that  for  any  specific  depth  range  the  total  organic  content  continuously 
decreases  we  may  draw  certain  conclusions.  It  may  be  that  the  rate  of 
sedimentation  of  inorganic  particles  increased,  thus  diluting  the  avail- 
able organics.  A second  possibility  is  that  the  supply  of  organics  to 
the  sediments  continuously  deer  CciGSG  w x Xi n time#  A third  postulation  may 
be  that  a continuous  increase  in  the  rate  of  microbiological  decompo- 
sition with  time  occurred.  Such  a situation  is  shown  in  Core  221-C 
between  74  and  43  cm.  depths.  The  total  organic  carbon  decreases  stead- 
ily upward  in  the  core.  From  this  we  can  conclude  some  sort  of  an  en- 
vironmental situation  which  varied  constantly  with  time.  However,  upon 
examination  of  the  "lignin"  and  non-ligninous  carbon  concentrations  for 
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the  same  depth  range  such  a simple  conclusion  is  not  possible.  The  lignin 
carbon  concentration  decreases  appreciably  from  7U  to  62  cm.  The  non- 
ligninous  carbon  incresses  over  this  depth  range*  From  62  to  U3  cm.  the 
lignin  carbon  remains  essentially  the  same,  increasing  very  slightly; 
the  non-lignin  carbon,  however,  decreases  sharply  similar  to  the  total 
carbon  decrease.  Similar  situations  occur-  between  97  to  7U  cm.  and  155 
to  150  cm. 

Core  169  shows  a very  slightly  but  continuously  increasing  total 
carbon  content  from  115  to  65  cm.  The  lignin  carbon  and  thus  non-ligninous 
carbon  do  not  show  this  straight  line  increase. 

From  the  data  obtained  for  the  immediate  surface  zone  (0-7  cm.) 
a speculative  statement,  that  changes  in  lignin  carbon  exceeding  approxi- 
mately 1 to  2 % per  cm.  are  due  to  supply  changes,  may  be  made.  We  may 

assume  that  the  previously  mentioned  changes  in  lignin  content  are  due 
to  changes  in  supply;  only  minor  fluctuations  may  be  attributed  to  varia- 
tions in  decomposition  rates, 

CONCLUSION 

1,  The  •'lignin"  content  of  marine  sediments  is  extremely  variable. 
It  does  not  represent  a constant  proportion  of  the  total  sedimentary 
organics , 

2,  When  considering  the  nutritional  value  of  marine  sedimentary 
organics  to  bettem  dwelling  fauna,  the  lignin  content  is  an  important 
factor.  This  is  based  on  its  variable  proportions  in  the  total  organic 
material  and  its  negligible  value  as  a food  source, 

3,  Apparently,  under  the  marine  environment,  lignin  is  an  organic 
compound  displaying  extrame  resistance  to  microbiological  decomposition, 
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This  is  based  on  the  work  of  soil  scientists  and  lignin  chemists  as  well 
as  the  very  slight  decrease  in  the  "lignin"  carbon  of  surface  zone  sedi- 
ments on  the  basis  of  the  two  cores  examined.  The  percent  loss  of  non- 
ligninous  carbon  is  approximately  6 times  greater  than  the  "lignin" 
carbon  loss.  Lignin  carbon  changes  which  exceed  1 to  2 % per  cm,  may  thus 
be  ascribed  to  charges  in  the  amount  supplied  to  the  sediments.  Further 
work  must  be  done  in  order  to  verify  this. 

U«  Data  on  the  concentration  of  carbon  from  ligninous  sources  in 
marine  sediments  gives  further  information  on  which  to  base  any  paleo- 
ecologic  conclusions.  By  considering  the  total  carbon  alone  it  is 
possible  to  conclude  the  occurrence  of  a constant  environment  with  time 
which  an  associated  lignin  carbon  determination  would  refute. 

5,  The  determination  of  the  carbon  fraction  termed  lignin  carbon 
in  this  report  is  time-consuming  and  thus  is  not  practical  for  general 
purposes.  It  may  prove  useful  for  specific  and  critical  investigations 
where  some  detail  is  desirable  or  necessary. 

6,  Before  further  conclusions  can  be  drawn  it  is  necessary  for- 
continued  research  on  the  lignin  fraction  of  marine  sediments,  Th > 
detez'mination  must  be  made  more  positive;  studies  concerning  the  ultra- 
violet spectra  and  the  concentration  of  the  methoxyl  group  are  planned. 

Its  decomposition,  relative  to  other  organics,  must  be  studied  as  well 
as  the  various  sources  of  the  substance  in  the  marine  environment. 
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